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(57) ABSTRACT

A solid phase synthetic method 1s disclosed in which the
usual solid phase synthetic steps are carried out and the spent
solid phase support 1s reacted to form a volatilizable com-
pound upon cleavage of the reaction product from the solid
phase support. The cleaved product 1s then separated from
the volatile compound by volatilization of that compound.
Exemplary solid supports that form a volatilizable com-
pound are also disclosed.

8 Claims, No Drawings
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VOLATILIZABLE SOLID PHASE SUPPORTS
FOR COMPOUND SYNTHESIS

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a division of application Ser. No. 09/493,902, filed

Jan. 28, 2000, now U.S. Pat. No. 6,476,191, which claimed
priority from application Ser. No. 60/119,204 filed Feb. 5,

1999, whose disclosures are incorporated herein by refer-
ence.

TECHNICAL FIELD

The invention relates to solid phase syntheses, and more
particularly to solid phase synthesis on a synthetic support

that 1s volatilized upon the cleavage of the synthesized
material from the support.

BACKGROUND OF THE INVENTION

The preparation of compounds using a solid phase
approach was first described by Merrifield 1n 1963 [Merri-
field, 1963, J. Am. Chem. Soc., 85:2149-2154. Since this
initial seminal concept, in which a polystyrene solid phase
was used to prepare peptides, a wide range of different solid

supports have been used (1.¢., polyamides [ Atherton et al.,
1973, J. Am. Chem. Soc., 97:6584—6385], porous glass [Parr

et al., 1974. Justus Liebigs Ann. Chem., pp. 655-666] and
microchip quartz [Fodor et al., 1991, Science,
251:767-773]). While usetul, these solid phase supports all
require a final cleavage step, in which the compounds
(peptides, peptidomimetics, oligonucleotides, small organic
molecules, various heterocycles, and the like) are cleaved
from the solid phase, then separated from the spent solid
support.

Where the compound of interest can be used in an
immobilized manner (1.e., 1t remains on the solid support 1n
its final use and/or manifestation), then the remaining solid
support may not be problematic, and in fact may be usetul
for certain assays. However, in the majority of cases, the
compound of interest has to be used 1n solution and therefore
has to be separated from its solid support. Significant time
and/or cost savings would be realized i1 the removal of the
solid phase material did not have to be accomplished 1n a
separate step following cleavage of the desired compound
from the solid support (typically by filtration or centrifuga-
tion). The invention disclosed hereinatter provides one solu-
tion to the problem of separating the spent solid support
from the desired synthesized matenal.

BRIEF SUMMARY OF THE INVENTION

The present invention contemplates solid phase synthesis
on a solid support 1n which the desired product 1s leit behind
following cleavage from and vaporization of the solid. Thus,
a solid phase synthesis method 1s contemplated 1n which at
least one reagent 1s coupled to a solid phase support. A
plurality of reactions 1s carried out upon the solid phase-
coupled reagent to form a solid phase-coupled reaction
product, and the reaction product 1s cleaved from the solid
phase support to form a cleaved product. The improvement
in this otherwise standard synthesis 1s that the solid phase
support 1s reacted to form a volatile compound(s) that 1s
separated from the cleaved product by vaporization as by
distillation. The desired cleaved product 1s preferably recov-
ered and the solid support 1s absent due to 1ts volatilization.
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2

A particularly preferred solid support 1s silica. Cleavage
of the product from the solid support and formation of the
volatile compound 1s typically carried out 1n a single step,
although separate steps can be used.

The present invention has several benefits and advan-
tages.

One benefit 1s the simplicity in reaction steps that are
carried out 1n that the usual filtering step required 1n prior
solid phase syntheses 1s not required.

An advantage of a contemplated method 1s that losses of
desired product that can occur because of entrapment of the
desired product within the usual spent solid support or filter
do not occur.

Another benefit 1s that the usual final extraction step(s) to
remove the product from the solid support required 1n prior
solid phase syntheses after cleavage from the solid support
1s not required here.

Still further benefits and advantages of the contemplated
invention will be apparent to the skilled worker from the
disclosure that follows.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

A solid phase synthetic method 1s contemplated 1n which
the usual solid phase synthetic steps are carried out in the
synthesis of a peptide, peptidomimetic, glycopeptide, oligo-
nucleotide, small organic molecules, or heterocyclic product
as noted heremnafter. The improvement here lies in the
separation of the cleaved product from the solid support by
conversion of the solid phase support into a volatile material
that 1s separated from the desired reaction product by
vaporization so that the usually used filtration or extraction
separation of the desired product from the spent solid phase
support 1s unnecessary.

Thus, taking a solid phase peptide synthesis as exemplary,
at least one reagent such as a side chain- and N-protected
amino acid 1s coupled to the solid support. A plurality of
reactions 1s carried out on that solid phase-coupled reagent
such as N-de-protection, coupling of another side chain- and
N-protected amino acid, and N-de-protecting the resulting
product to form a solid phase-coupled reaction product. Any
side chain protecting groups present are removed, and the
link between solid support and desired product 1s broken to
form a cleaved product. A volatile compound 1s formed from
the spent solid support. In preferred practice for peptide
synthesis, HF 1s used to remove any side chain protecting
groups present, cleave the product from the solid support
and form the volatile compound(s) from the spent solid
support.

As used herein, the material formed on the solid phase
support and bonded thereto 1s referred to as a “reaction
product”. The reaction product can have protecting groups
bonded to it or those protecting groups can be removed.

The “cleaved product” i1s that material obtained upon
breaking of the bond between the solid phase support and the
reaction product. The cleaved product is typically free of
protecting groups but need not be so. In addition, the cleaved
product 1s typically protonated, although protonation 1s not
a defining feature of a cleaved product.

A “spent solid support” 1s the material remaining after
cleavage of the desired reaction product from the support. As
discussed below, the solid support 1s preferably converted
into a volatile compound concomitantly with formation of
the cleaved product. In that preferred case, there 1s usually
no spent solid support.
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For example, porous glass has been used as a solid
support to prepare a peptide with cleavage of the desired
product eflected by reaction of the solid phase-bound pep-
tide with methanol and triethylamine. [Parr et al., 1974,
Justus Liebigs Ann. Chem., pp. 655-666.] Contrarily, using
a contemplated method, the porous glass can be completely
transformed by liquid or gaseous hydrogen fluoride 1nto
volatile silicon tetratluoride (SiF,, bp: -86° C.) that can be
warmed or a vacuum applied to eflect separation, as com-
pared to use of a reagent that cleaves the compound from the
support followed by filtration of the spent solid support from
the desired compound as was carried out by Parr et al. Use
ol a contemplated method leaves the desired compound 1n
the reaction container, with the porous glass solid support
volatilized away as SiF .

This concept greatly facilitates the production of indi-
vidual compounds or mixtures of compounds, or the large
scale production of individual compounds, arrays of com-

pounds, or combinatorial libraries of mixtures [Plunkett et
al., 1995, J. Org. Chem., 60:6006-6007; Houghten, 1985,

Proc. Natl. Acad. Sci. USA, 82:5131-5135; Houghten et al.,
1991, Nature, 354:84-86; Pinilla et al., 1992, Biolechnigues
13: 901-905; Ostresh et al., 1994, Proc. Natl. Acad. Sci.
USA, 91: 11138-11142; Dooley et al., 1994, Science, 266:
2019-2022; and Fichler et al., 1995, Molecular Medicine
1oday 1:174—180]. In addition, when working with mixtures
of compounds, the risk of losing part of the compounds
during the separation process of the solid phase (filtration or
centrifugation) 1s minimized.

The present invention also contemplates the use of so-
called non-cleavable linkers in connection with such vola-
tilizable solid supports. A non-cleavable linker 1s a linker
that remains bonded to the cleaved product, but i1s cleaved
from the support. This use leads, after cleavage, to a modi-
fied compound (compound attached to linker) that can be of
interest 1n 1tself, or that can be further modified if necessary.

Exemplary non-cleavable linkers can be prepared using
amino-C,—C.-alkyl-grafted glass beads as a solid support to
prepare a compound such as a peptide. Exemplary amino-
propyl glass beads having different pore sizes, mesh sizes
and micromoles of primary amine per gram of glass (umol/
g) are commercially available from Sigma Chemical Co., St.
Louis, Mo., as 1s aminopropyl silica gel that 1s said to
contain nitrogen at 1-2 mmoles/g.

Thus, use of aminopropyl-graited glass beads to form the
solid support linked peptide, followed by treatment with HF
provides a peptide with a C-terminal trifluorosilylpropyla-
mido (—CO—NH—CH,—CH,—CH,—=SiF;) group that
can be readily hydrolyzed to form the corresponding silicic
acid group [—CO—NH—CH,—CH,—CH,—S1(OH),].
This compound, after partial or complete polymerization
through the —S1(OH), group, can be used as a conjugate for
immunization in the preparation of antibodies against the
peptide of interest. Furthermore, such materials can be
usetul for the athnity purification of polyclonal antibodies
generated against the peptide or the compound of interest.
The silicon atom can also be present after such hydrolyses

as a —S1(OH),F or —S1(OH)F, group, which can also be
used 1n a polymerization or other reaction.

In addition to an aminopropyl group, other linking groups
are also contemplated. For example, 3-mercaptopropyltri-
methoxysilane |[HS—CH,—CH,—CH,—S1(OCH,; ), |
available from Huls America, Inc., Piscataway, N.J. can be
coupled to porous glass beads to provide 3-mercaptopropyl-
grafted glass (thiolated glass). Reaction of the thiolated glass
with bis-N-BOC-2-aminoethyl disulfide provides a primary
amine-terminated disulfide after deprotection. The primary
amine can be used to synthesize peptides 1n a usual solid
phase synthesis. Upon completion of the synthesis, treat-
ment of the reaction product-linked glass with a reducing
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4

agent and then HF provides a peptide having a C-terminal
amidoethylmercapto group and a vaporizable remnant of the
solid support. The amidoethylmercapto-terminated peptide
can be readily reacted with an antigenic carrier molecule
previously reacted with m-maleimidobenzoyl-N-hydox-
ysuccinimide ester (ICN Biochemicals, Inc., Costa Mesa,
Calif.) or succinimidyl 4-(N-maleimidomethyl)cyclohex-
ane-1-carboxylate (SMCC, Pierce Chemical Co., Rockiord,
I11.) to form an 1immunogenic conjugate.

The disulfide-contaiming BOC-protected linking group
precursor can be prepared by standard techniques. For
example, 2-aminoethyl disulfide can be reacted with two
moles ol 2-(tert-butoxycarbonyl-oxylmino)-2-phenylaceto-
nitrile or N-(tert-butoxy-carbonyloxy )phthalimide or a simi-
lar reagent to form bis-N-BOC-2-aminoethyl disulfide.

Several reducing reagents are well known to be usetul for
breaking the disulfide bond. Exemplary reagents include
sodium borohydride, 2-mercapto-ethanol, 2-mercaptoethy-
lamine, dithiothreitol and dithioerythritol. Mercaptan-con-
taining carboxylic acids having two to three carbon atoms
and their alkali metal and ammonium salts are also useful.
Those reagents include thioglycolic acid, thiolactic acid and
3-mercaptopropionic acid. Exemplary salts include sodium
thioglycolate, potassium thiolactate, ammonium 3-mercap-
topropionate and (2-hydroxyethyl)-ammonium thioglyco-
late.

The use of cleavable linking groups that separate both
from the cleaved product and from the solid support 1s also
contemplated. One group of cleavable linkers contains a
benzyl group and silicon. Upon treatment with specific
reagents, such cleavable linkers can be transformed into
gases or liquid forms that can be readily volatilized at
vartous useful temperatures and pressures. Such linking
groups are thus cleavable and form volatile compound(s) on
reaction of HF with the solid support.

For example, linkers such as CI—CH,CH,—(CH,);_-—
si1Cl,, Cl—CH,C.H,—(CH,), .—S1(CH,)Cl,, Cl—CH,
C.H,—(CH,); .—S1(CH,),(Cl, C—CH,CH,—S1Cl; and
CH—CH —C¢H,—S1(OCH;); can be reacted with glass
beads (or any S10, based material) to form o-chlorobenzyl
C,—C;-alkyl-grafted glass beads or a.-chlorobenzyl-gratted
glass beads, respectively, that contain one or more siloxane
bonds with the support. Exemplary a.-cholorbenzyl C,—C-
alkyl chlorosilanes and a-chlorobenzyl chloro- or methox-
ysilanes are avaliable from Huls America, Inc., Piscataway,
N.J. This grafted glass support can then be reacted through
the chloromethyl group with a wide variety of compounds
such as protected amino acids, amines, alcohols, and the like
to form benzyl ether groups. In the case where n=1 and one
methylene group 1s present between the ring and silicon
atom, this linker can be transformed into the volatile para
(trifluorosilylmethyl)benzyl  fluonnde (F—CH,CH,—
CH,—SiF;) by treatment with gaseous or liquid hydrogen
fluoride.

Although porous glass or other silica-based solid supports
are used as examples here, 1t 1s contemplated that a wide
range ol polymeric and/or other solid materials can be used
in a similar manner. Thus, the desired solid-phase synthe-
s1zed compounds are cleaved from their solid phase, while
the spent solid support 1s completely degraded to volatile by
products yielding a clear simplification of the overall syn-
thesis process.

As one of many examples, the present invention contems-
plates use of solid phase polymers such as the poly(benzyl
cther) shown 1n Formula A 1n which n 1s one to greater than
100,000 and X 1s the reaction product linked to the support
by ester, amide, urethane, urea, amine or other bond, or a
similar polymer containing a cross-linking agent such as
1,3,5-trihydroxymethylbenzene.
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Upon cleavage with a strong acid or a range of reducing
agents such as hydrogen 1n the presence of palladium acetate
or palladium metal hydrogenation catalyst, not only 1s the
bond between the polymer and the desired compound X
cleaved, but also are the bonds that make up the solid phase
polymer 1tself. Use of hydrogen fluoride as the cleavage
agent, provides the volatile compound shown 1n Formula B
as the primary product.

F—CHZQCHz—F

A contemplated poly(benzyl ether) can be prepared by

Formula B

well-known techniques. For example, 1,4-benzenedimetha-
nol and a suitable strong base such as t-butoxide are reacted

with a dihalotoluene such as a,a'-dichloro-p-xylene 1n an
appropriate solvent such as ethylene glycol diethyl or dim-
cthyl ether. The cross-linker 1s present at zero to about 10
weight percent, and more preferably at about 1 to about 5

weight percent. After polymerization, halomethyl groups

can be added to the phenyl rings to provide turther places for
linkage of the reaction product. For example, chloromethyl
groups can be added chloromethylated by reaction of the

polymer with chloromethyl methyl ether 1n the presence of

aluminum chloride or similar Friedel-Craits catalyst.

As noted previously, 1t 1s preferred that the reaction
product be cleaved from the solid support in a single step.
Where hydrogen fluoride 1s used along with a porous silica
support in peptide synthesis, for example, the addition of HF
to a side chain protected support-linked peptide can effect
deprotection, cleavage of the peptide from the support and
conversion of the spent silica support into the volatile
compound SiF, all in one step, although several different
reactions are carried out 1n that one step. It 1s also contem-
plated that side chain deprotection be carried out separately,
as where trifluoroacteic acid 1s used for that reaction. It 1s
also contemplated that cleavage of the reaction product from

the support be carried out as a separate step as by the use of

triethylamine and methanol, followed by reaction with HF to
form the cleaved product peptide and SiF, that 1s then
removed by volatilization.

The cleaved product 1s preferably recovered directly, but
1s usually purified chromatographically prior to fturther use.
However, it 1s also contemplated that the cleaved product
can be further reacted without recovery or further purifica-
tion.

The following Examples are offered to further illustrate,
but not limit the present invention.
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Formula A

EXAMPLE 1

Stability of a Peptide in the Presence of Silicon
Tetratluoride

Peptide J21-7 (H-NSSSSQFQIHGPR-OH; SEQ ID NO:
1) was synthesized on Merrifield resin using traditional
peptide chemistry (Boc chemistry) with Simultaneous Mul-
tiple Peptide Synthesis (Houghten, 1983, Proc. Natl. Acad.
Sci. USA, 82:5131-5135). The peptide was then simulta-
neously side-chain deprotected and cleaved from the resin
with hydrogen fluoride 1n the presence and the absence of
glass beads to verily the mnocuousness of silicon tetratluo-
ride towards the peptide. Two different grades ol commer-
cially available grafted glass beads were used for the experi-
ment (Aminopropyl Glass Beads 80—-120 mesh, 77 umol/g
and Aminopropyl Glass Beads 200400 mesh, 152 umol/g
Sigma Chemical Co.). Results are reported in Table 1,
below.

TABLE 1
Change in
Weight. Extraction
Solids. After with
Weight cleavage (A) AcOH
Bag # Content (mg) (mg) (mg)
M1 Nothing N/A
Total Wt. of solids 1n bag Zero -10 ~()
M2 Aminopropyl Glass beads 300
80-120 mesh, 77 mmol/g
Total Wt. of solids 1n bag 300 -310 ~()
M35 Aminopropyl Glass beads 298
200400 mesh, 152 mmol/g
Total Wt. of solids 1n bag 298 -292 ~0)
M9 Peptide resin J21-7 298 HPLC, MS
Total Wt. of solids 1n bag 298 —-145 62.0
M4 Aminopropyl Glass beads 299
80—-120 mesh, 77 mmol/g 298 HPLC, MS
& Peptide resimn J21-7
Total Wt. of solids 1n bag 597 —-448 57.0
M7  Aminopropyl Glass beads 297
200-400 mesh, 152 mmol/g 295 HPLC, MS
& Peptide resin J21-7
Total Wt. of solids 1n bag 593 -441 46.0

As 1s seen from Table 1 above, no weighable residue was
recovered when glass beads alone are treated with HF (Table
1: Bag # M2 and M5). The weight loss of the bags during
cleavage exactly corresponded to the weight of glass beads
in the bags plus the weight of the HF labile protecting
groups. No modification of the peptide was observed by
mass spectroscopy (MS) and high pressure liwuid chroma-
tography (HPLC) when cleaved in the presence of glass
beads (Bag M9 compared to bags M4 and M7.)
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EXAMPLE 2

Characterization of a Peptide Synthesized on Glass
Beads

TABLE 2-continued

5 Resin  Theor.  Actual Molecular
' _ Weight  Yield Yield Weight (Observ.)
The peptide H-YGGFLR-NH, (SEQ ID NO: 2) was Content (mg)  (mg)  (mg) (Cale) M+ HY A
synthesized on two different grades of aminopropyl-graited -
glass beads [Aminopropyl Glass Beads 80-120 mesh, 77 Amz. .
. mnopropyl
umol/g (A) and Aminopropyl Glass Beads 200400 mesh, 15 Glass beads
152 umol/g (B)] using traditional peptide chemistry (Boc 200—400
chemistry as in Example 1) in a small reaction vessel fitted mesh, 152
with a intted filter at the bottom. The peptide was then Heq/e |
N . . _CHE—CHE—CHE—SIF_}: = 1271
51multane(3)usly 81de-c?haln depro‘gected aI}d cleax:"ed‘from the y  CH,CH, CH,_Si(OH);: = 121.1
support with concomitant formation of SiF, by liquid hydro-
gen fluoride. Results are reported in Table 2, below.
HPLC traces of the crude material showed the presence of
the same main peak for both lots. The mass spectral analysis
TABLE 2 .0 ol the main peak observed on the HPLC trace indicates a
| molecular weight of 831.85. The difference of 120.85 units
Resin  Theor. Actual Molecular , ‘
Weight Vield  Yield  Weight  (Observ.) compared to the expected molecular weight of 711 corrobo-
Content (mg)  (mg)  (mg) (Cale) M+H" A rates the structure H-YGGFLR-NH—CH —CH,—CH,—
A S1(OH), for the final compound 1indicating that hydrolysis of
H— 1003 54.9 36 711 831.9  119.9 25 the trifluorosilyl group had occurred, although a terminal
EEGFLR_ —S1(OH),F or —S1(OH)F,, could also be present.
5 0OI
Aminopropy! From the foregoing, 1t will be observed that numerous
Séaiszgeads modifications and variations can be effected without depart-
mesh, 77 20 ing from the true spirit and scope of the present invention.
Heq/g It 1s to be understood that no limitation with respect to the
B : .
o 006 1087 100 11 0319 1198 tspec1ﬁc examples pres.el}ted Is intended or should be
YGGFLR— inferred. The disclosure 1s intended to cover by the appended
claims modifications as fall within the scope of the claims.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 2
<210> SEQ ID NO 1
<211> LENGTH: 13
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: synthetic
peptide
<400> SEQUENCE: 1

Asn Ser Ser Ser Ser Gln Phe Gln Ile His Gly Pro Arg

1 5 10

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2
LENGTH: 6
TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE :

peptide
<400>

SEQUENCE: 2

Tyr Gly Gly Phe Leu Arg
1 5

OTHER INFORMATION: Description of Artificial Sequence: synthetic
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What 1s claimed:
1. In a solid phase synthesis method wherein at least one

reagent coupled to said solid phase support 1s a heterocycle,
a plurality of reactions are carried out upon the solid

phase-coupled heterocycle to form a solid phase-coupled
reaction product and that reaction product 1s cleaved from
the solid phase support to form a cleaved product, the
improvement in which the solid phase support 1s converted
to a volatile compound that 1s separated from the cleaved
product by vaporization of said volatile compound, leaving,
behind said cleaved product.

2. The solid phase synthesis method according to claim 1
wherein said cleaved product 1s a heterocycle.

3. The solid phase synthesis method according to claim 1
wherein said reaction product i1s cleaved from said solid

support and the solid phase support 1s converted to a volatile
compound 1n a single step by reaction of the solid phase-
coupled reaction product with hydrogen fluoride.
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4. The solid phase synthesis method according to claim 1
including the further step of recovering the cleaved product.

5. The solid phase synthesis method according to claim 1
wherein said solid phase support 1s silica.

6. The solid phase synthesis method according to claim 3
wherein said heterocycle 1s coupled to said solid phase silica
support by means of a linking group.

7. The solid phase synthesis method according to claim 6
wherein said silica solid support and linking group 1s c.-chlo-

robenzyl C,—C.-alkyl-grafted glass beads.

8. The solid phase synthesis method according to claim 6

wherein said silica solid support and linking group 1s amino-
C,—Cg-alkyl-grafted glass beads.
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